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(54) Process for producing isobutylene block copolymer 

(57) A process for producing an isobutylene block 
copolymer, which comprises performing cationic polym- 
erization of a monomer component containing isobuty- 
lene as a major monomer and a monomer component 
whose major monomer is not isobutylene in the pres- 
ence of an initiator, wherein the polymerization is car- 
ried out in a mixed solvent containing a 
monohalogenated hydrocarbon solvent and a non-halo- 
genated hydrocarbon solvent, the monohalogenated 
hydrocarbon solvent containing a primary monohalo- 
genated hydrocarbon having three to eight carbon 
atoms and/or a secondary monohalogenated hydrocar- 
bon having three to eight carbon atoms, the non-halo- 
genated hydrocarbon solvent containing an aliphatic 
hydrocarbon and/or an aromatic hydrocarbon. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to a process for 
producing an isobutylene block copolymer. More partic- 
ularly, the present invention relates to a process for pro- 
ducing an isobutylene block copolymer by polymerizing 
a monomer component containing isobutylene as a 
major monomer and a monomer component whose 
major monomer is not isobutylene, which process is 
characterized by use of a specific mixed solvent which 
has an advantage in industrial handling over prior art 
solvents, thereby producing a block copolymer giving 
excellent performances. 

BACKGROUND OF THE INVENTION 

[0002] It is known in the art to produce an isobutylene 
block copolymer composed of a polymer block compris- 
ing isobutylene and a polymer block comprising an aro- 
matic vinyl monomer by cationic polymerization of 
isobutylene and an aromatic vinyl monomer such as 
styrene. For example, U.S. Patent No. 4,946,899 dis- 
closes a process for producing an isobutylene block 
copolymer in a mixed solvent composed of a combina- 
tion of methyl chloride and methylcyclohexane. Also, 
Japanese Examined Patent Publication No. 7- 
59601/1995 discloses a process for producing a block 
copolymer from isobutylene and styrene in a mixed sol- 
vent containing methylene chloride and hexane. 
[0003] In these manners, a halogenated hydrocarbon 
having one or two carbon atoms (e.g. methyl chloride or 
methylene chloride) has been widely used as a solvent 
for cationic polymerization because, by using it particu- 
larly in combination with an aliphatic hydrocarbon, suit- 
able dielectric constant can be provided to stabilize a 
growing chain end, and togive excellent solubility of the 
obtained polymer. 

[0004] However, such a halogenated hydrocarbon 
having one or two carbon atoms has disadvantageous 
problems; e.g. it is difficult to handle therewith, and its 
discharge to the environment cannot be prevented in 
conventional treatment methods and involves use of a 
large apparatus or installation, thereby raising a prob- 
lem of increased costs of manufacturing. For example, 
methylene chloride has high solubility in water of 2.0% 
(20°C), and recovery or separation of methylene chlo- 
ride dissolved in water also involves use of a large 
apparatus, leading to increased costs. Therefore, these 
halogenated hydrocarbons having one or two carbon 
atoms are disadvantageous solvents for use in a large 
scale polymerization such as in industrial production. 
[0005] On the other hand, there has been an attempt 
to use singly a halogenated hydrocarbon having three 
or more carbon atoms as a cationic polymerization sol- 
vent for producing an isobutylene block copolymer. For 
example, Faust et al. have made an attempt of the pro- 



duction of an isobutylene block copolymer composed of 
an isobutylene polymer block and a styrene polymer 
block by using 1-chlorobutane (n-butyl chloride) as a 
polymerization solvent [J. Macromol. Sci.-Pure Appl. 

5 Chem., A33(3) t 305(1996)]. However, since it involves 
single use of a halogenated hydrocarbon, it is difficult to 
adjust the dielectric constant of the polymerization sol- 
vent system, so that the concentration of a Lewis acid or 
the like is limited for producing a good isobutylene block 

w copolymer and the polymerization concentration cannot 
be raised due to insufficient solubility of the block copol- 
ymer. - 

[O0O6] The present invention has, in view of these cir- 
cumstances, the object to provide a process for produc- 
ts ing an isobutylene block copolymer giving good 
performance, by the use of a mixed solvent which has 
an advantage in industrial handling over prior art, in par- 
ticular, over a halogenated hydrocarbon having one or 
two carbon atoms. 

20 

SUMMARY OF THE INVENTION 

[0007] The present invention provides a process for 
producing an isobutylene block copolymer, which com- 
prises performing cationic polymerization of a monomer 
component containing isobutylene as a major monomer 
for a polymer block composed of isobutylene as a major 
monomer and a monomer component whose major 
monomer is not isobutylene for a polymer block in which 
major monomer is not isobutylene in the presence of a 
compound represented by the following general formula 
(1) 



40 




wherein plural R 1 are the same or different and repre- 
45 sent a hydrogen atom or a monovalent hydrocarbon 
group having one to six carbon atoms; R 2 represents a 
monovalent or polyvalent aromatic hydrocarbon group 
or a monovalent or polyvalent aliphatic hydrocarbon 
group; X represents a halogen atom, an alkoxyl group 
so having one to six carbon atoms, or an acyloxyl group 
having one to six carbon atoms; n is equal to a valence 
number of R 2 and represents an integer of one to six; 
and plural X may be the same or different if n is two or 
more: 

55 

wherein said polymerization is earned out in a 
mixed solvent containing a monohalogenated 
hydrocarbon solvent and a non-halogenated hydro- 



30 



carbon solvent, said monohalogenated hydrocar- 
bon * solvent* comprising a primary 
monohalogenated hydrocarbon having three to 
m eight carbon atoms and/or a secondary monohalo- 
genated hydrocarbon having three to eight carbon 
atoms, said non-halogenated hydrocarbon solvent 
• comprising an aliphatic hydrocarbon and/or an aro- 
matic hydrocarbon. 

DETAILED DESCRIPTION OF THE INVENTION 

[0008] According to the present invention, a mixed sol- 
vent of a monohalogenated hydrocarbon solvent con- 
taining a primary monohalogenated hydrocarbon 
having three to eight carbon atoms and/or a secondary 
monohalogenated hydrocarbon having three to eight 
carbon atoms, and a non-halogenated hydrocarbon sol- 
vent containing an aliphatic hydrocarbon and/or an aro- 
matic hydrocarbon is used as a cationic polymerization 
solvent for producing an isobutylene block copolymer. 
[0009] The inventors of the present invention have 
selected primary and/or secondary monohalogenated 
hydrocarbons having three to eight carbon atoms as a 
substitution for halogenated hydrocarbons having one 
or two carbon atoms used in the prior art processes 
because of the reasons such as follows. 

(1) Tertiary halogenated hydrocarbons act as a 
polymerization initiator, causing side reactions by 
production of a tertiary cation from the solvent itself 
as well as the objective original initiation reaction, 
so that they are not preferable as a cationic polym- 
erization solvent. 

(2) The less the halogen content in the halogenated 
hydrocarbon (i.e. the ratio of halogen weight in a 
molecule) is, the lower its solubility in water is and 
further the easier it is to decompose them. Also, if 
the halogenated hydrocarbon has two or less car- 
bon atoms, the solubility in water is high, and hence 
it is not preferable. (The solubility in water is 2.0 
wt% for methylene chloride, 0.869 wt% for 1,2- 
dichloroethane. 0.271 wt% for 1 -chloropropane, 
0.08 wt% for 1-chlorobutane, and 0.02 wt% for 1- 
chloropentane.) 

(3) If the halogenated hydrocarbon has nine or 
more carbon atoms, its boiling point is high,. so that 
a lot of energy is required in removing the solvent 
by distillation, thereby leading to increased costs. 

(4) Monohalogenated hydrocarbons have a lower 
specific weight because their halogen content in a 
molecule is smaller than that of polyhalogenated 
hydrocarbons. Therefore, use of a monohalogen- 
ated hydrocarbon increases the specific weight dif- 
ference between an organic phase and an aqueous 
phase in a water-washing step, making the separa- 
tion easy. 

[0010] The primary monohalogenated hydrocarbon 



having three to eight carbon atoms and the secondary 
monohalogenated hydrocarbon having three to eight 
carbon atoms to be used in the present invention are 
not specifically limited. Examples of such primary and 

5 secondary monohalogenated hydrocarbons having 
three to eight hydrocarbons include 1 -chloropropane, 1- 
chloro-2-methylpropane, 1 -chlorobutane, 1 -chloro-2- 
methyibutane, 1 -chloro-3-methylbutane, 1-chloro-2,2- 
dimethylbutane. 1 -chloro-3,3-dimethylbutane, 1-chloro- 

10 2.3-dimethylbutane, 1 -chloropentane. 1-chloro-2-meth- 
ylpentane, 1-chloro-3-methylpentane, 1-chloro-4-meth- 
ylpentane, 1-chlorohexane, 1-chloro-2-methylhexane, 
1 -chloro-3-methylhexane, 1-chloro-4-methylhexane, 1- 
chloro-5-methylhexane, 1-chloroheptane, 1-chlorooc- 

15 tane, 2-chloropropane, 2-chlorobutane, 2-chloropen- 
tane, 2-chlorohexane, 2-chloroheptane, 2-chlorooctane, 
and chlorobenzene. It is possible to use one of these 
alone or two or more of these in combination. For exam- 
ple, it is possible to use a monohalogenated solvent 

20 having three carbon atoms, a monohalogenated solvent 
having four carbon atoms, a combination of a monohal- 
ogenated solvent having three carbon atoms and a 
monohalogenated solvent having four carbon atoms, a 
combination of at least one of the monohalogenated 

25 hydrocarbons having four to eight carbon atoms, or the 
like. Among these, 1 -chloropropane and/or 1-chlorobu- 
tane are preferably used in view of the solubility of the 
isobutylene block copolymer, the facility of decomposi- 
tion, the balance of costs and others. Especially, 1-chlo- 

30 robutane is preferable. 

[0011] The non-halogenated aliphatic hydrocarbon 
and the non-halogenated aromatic hydrocarbon to be 
used in the present invention are not specifically limited. 
Examples of such non-halogenated aliphatic hydrocar- 

35 bons and non-halogenated aromatic hydrocarbons 
include butane, pentane, neopentane, hexane, heptane, 
octane, cyclohexane, methylcyclohexane, ethylcy- 
clohexane, benzene, toluene, xylene, ethylbenzene, 
and others. It is possible to use one of these alone or 

40 two or more of these in combination. In view of the bal- 
ance among the solubility of the block copolymer, the 
costs, and the dielectric constant, it is preferable to use 
at least one selected from the group consisting of hex- 
ane, cyclohexane, methylcyclohexane, ethylcyclohex- 

45 ane, toluene, and xylene. Especially, it is preferable to 
use at least one selected from the group consisting of 
hexane, methylcyclohexane, and ethylcyclohexane. 
[0012] The polymerization solvent to be used in the 
present invention is a mixed solvent which is a combina- 

50 tion of a monohalogenated hydrocarbon solvent con- 
taining a primary monohalogenated hydrocarbon 
having three to eight carbon atoms and/or a secondary 
monohalogenated hydrocarbon having three to eight 
carbon atoms, and a non-halogenated hydrocarbon sol- 

55 vent containing an aliphatic hydrocarbon and/or an aro- 
matic hydrocarbon as mentioned above. The content of 
the monohalogenated hydrocarbon solvent in the mixed 
solvent is not specifically limited, and may be set so as 
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to obtain dielectric constant of the solvent or solubility of 
the block copolymer as desired. However, the content of 
the monohalogenated hydrocarbon solvent is typically 
10 to 98 wt%, preferably 20 to 90 wt%. 
[0013] The amount of the mixed solvent to be used is 
determined so that the concentration of the polymer is 1 
to 50 wt%, preferably 5 to 35 wt%, taking into account 
the viscosity of the polymer solution to be obtained and 
the facility in removing the heat. 
[0014] The monomer component whose major mono- 
mer is not isobutylene according to the present inven- 
tion, which component is for a polymer block whose 
major monomer is not isobutylene, refers to a monomer 
component having an isobutylene content of not more 
than 30 wt%. The isobutylene content in the monomer 
component whose major monomer is not isobutylene is 
preferably not more than 1 0 wt%, more preferably not 
more than 3 wt%. 

[0015] The monomers other than isobutylene in the 
monomer component whose major monomer is not iso- 
butylene according to the present invention is not spe- 
cifically limited as long as it is a monomer capable of 
undergoing cationic polymerization. Examples of such 
monomers include aliphatic olefins, aromatic vinyls, 
dienes, vinyl ethers, silanes. vinylcarbazole, p-pinene, 
acenaphthylene, and others. It is possible to use one of 
these alone or two or more of these in combination. 
[0016] The aliphatic olefin monomer to be used in the 
present invention is not specifically limited. Examples of 
such aliphatic olefin monomers include ethylene, pro- 
pylene, 1-butene, 2-methyM -butene, 3-methyl-1- 
butene, pentene, hexene, cyclohexene, 4-methyi-1-pen- 
tene, vinylcyclohexene, octene, norbornene, and oth- 
ers. 

[0017] The aromatic vinyl monomer to be used in the 
present invention is not specifically limited. Examples of 
such aromatic vinyl monomers include styrene, o-, m- t 
or p-methylstyrene, a-methylstyrene, p-methylstyrene, 
2,6-dimethylstyrene, 2,4-dimethylstyrene, a-methyl-o- 
methylstyrene, a-methyl-m-methylstyrene, a-methyi-p- 
methylstyrene, p-methyl-o-methylstyrene, p-methyl-m- 
methylstyrene, p-methyl-p-methylstyrene, 2,4,6-trimeth- 
ylstyrene, a-methyl-2.6-dimethylstyrene, a-methyl-2,4- 
dimethylstyrene, p-methyl-2,6-dimethylstyrene, p- 
methyl -2,4-dimethylstyrene, o-, m-, or p-chlorostyrene, 
2,6-dichlorostyrene, 2,4-dichlorostyrene, a-chloro-o- 
chlorostyrene, a-chloro-m-chlorostyrene, a-chloro-p- 
chlorostyrene, p-chloro-o-chlorostyrene, p-chloro-m- 
chlorostyrene, p-chloro-p-chlorostyrene, 2,4,6-trichlo- 
rostyrene, a-chloro-2,6-dichlorostyrene, a-chloro-2,4- 
dichlorostyrene, p-chloro-2,6-dichlorostyrene, p-chloro- 
2,4-dichlorostyrene, o-, m-, or p-t-butylstyrene, o-, m-, 
or p-methoxystyrene, o-, m-, or p-chloromethylstyrene, 
o-, m-, or p-bromomethylstyrene, styrene derivatives 
substituted with a silyl group, indene, vinylnaphthalene, 
and others. 

[0018] The diene monomer to be used in the present 
invention is not specifically limited. Examples of such 



diene monomers include butadiene, isoprene, 
cyclopentadiene, cyclohexadiene, dicydopentadiene, 
divinylbenzene, ethylidenenorbornene, and others. 
[0019] The vinyl ether monomer to be used in the 

5 present invention is not specifically limited. Examples of 
such vinyl ether monomers indude methyl vinyl ether, 
ethyl vinyi ether, (n-, iso)propyl vinyl ether, (n-, sec-, tert- 
, iso)butyl vinyl ether, methyl propenyl ether, ethyl pro- 
penyl ether, and others. 

10 [0020] The silane compound to be used in the present 
invention is not specifically limited. Examples of such 
silane compounds include vinyltrichlorosilane, vinyl- 
rnethyldichlorosilane, vinyldimethylchlorosilane, vinyld- 
imethylmethoxysilane, vinyltrimethylsilane. divinyl- 

15 dichlorosilane, divinyldirnethoxysilane, divinyldimethyl- 
silane, I.S-divinyl-I.I.S.S-tetrarnethyldisiloxane, trivinyl- 
methylsilane, Y-methacryloyloxypropyltrimethoxysilane, 
y-methacryloyloxypropylmethyldimethoxysilane, and 
others. 

20 [0021 ] The monomer component whose major mono- 
mer is not isobutylene according to the present inven- 
tion is preferably a monomer component containing an 
aromatic vinyl monomer as a major monomer in view of 
the balance among the physical properties, the polym- 

25 erization characteristics, and others. The monomer 
component containing an aromatic vinyl monomer as a 
major monomer according to the present invention 
refers to a monomer component having an aromatic 
vinyl monomer content of not less than 60 wt%. prefera- 

30 bly not less than 80 wt%. Here, the aromatic vinyl mon- 
omer is preferably at least one selected from the group 
consisting of styrene, a-rnethylstyrene, p-methylsty- 
rene, and indene. In view of the costs, it is particularly 
preferable to use styrene, a-methylstyrene, or a mixture 

35 of these. 

[0022] The monomer component containing isobuty- 
lene as a major monomer according to the present 
invention, which component is for a polymer block com- 
posed of isobutylene as a major monomer, may or may 

40 not contain a monomer other than isobutylene, and is a 
monomer component containing typically not less than 
60 wt%, preferably not less than 80 wt%. of isobutylene. 
The monomers other than isobutylene are not specifi- 
cally limited as long as they are monomers capable of 

45 undergoing cationic polymerization. For example, they 
may be the above-mentioned monomer and others. 
[0023] The ratio of the polymer block composed of iso- 
butylene as a major monomer and the polymer block 
whose major monomer is not isobutylene is not specif i- 

50 cally limited. However, in view of various physical prop- 
erties, the polymer block composed of isobutylene as a 
major monomer is preferably contained at 95 to 40 wt%, 
and the polymer block whose major monomer is not iso- 
butylene is preferably contained at 5 to 60 wt%. In par- 

55 ticular, the polymer block composed of isobutylene as a 
major monomer is more preferably contained at 85 to 50 
wt%, and the polymer block whose major monomer is 
not isobutylene is preferably contained at 15 to 50 wt%. 



[0024] The number-average molecular weight of the 
isobutylenetlock cdpolymer is not specifically limited. 
However, in view of the fluidity, the processability, and 
the physical properties, the number-average molecular 
weight of the isobutylene block copolymer is 30,000 to 
500,000, more preferably 50,000 to 400,000. If the 
number-average molecular weight of the isobutylene 
block copolymer is lower than the above range, the 
mechanical properties are not likely to be sufficient. On 
the other hand, if it exceeds the above range, it is disad- 
vantageous in view of the fluidity and the processability. 
[0025] The compound represented by the above-men- 
tioned general formula (1) acts as an initiator, and gen- 
erates a carbon cation in the presence of a Lewis acid 
or the like, so that it is believed to act as an initiating 
point in cationic polymerization. In the formula (1), plural 
R 1 are the same or different and represent a hydrogen 
atom or a monovalent hydrocarbon group having one to 
six carbon atoms; R 2 represents a monovalent or poly- 
valent aromatic hydrocarbon group or a monovalent or 
polyvalent aliphatic hydrocarbon group; X represents a 
halogen atom, an alkoxyl group having one to six car- 
bon atoms, or an acyloxyl group having one to six car- 
bon atoms; n is equal to a valence number of R 2 and is 
an integer of one to six; and plural X may be the same 
or different if n is two or more. 
[0026] Examples of the compounds represented 
by the general formula (1) to be used 
in the present invention include (1-chloro-1-methyl- 
ethyl)benzene [C 6 H 5 C(CH 3 )2CI], 1 ,4-bis(1 -chloro-1 - 
methylethyl)benzene [1 ,4-CI(CH3) 2 CC 6 H 4 C(CH3) 2 CI], 
1 ,3-bis(1 -chloro-1 -methyl ethyl)benzene [1 ,3- 

CI(CH 3 ) 2 CC 6 H 4 C(CH3) 2 CI], 1,3,5-tris(1 -chloro-1 -meth- 
ylethyl)benzene [1,3,5-(CIC(CH3)2)3C 6 H 3 ], 1,3-bis(1- 
chloro-1 -methylethyl)-5-(tert-butyl)benzene [1 ,3- 

(C(CH 3 ) 2 CI) 2 -5-(C(CH 3 )3)C 6 H 3 ] I and others. 
[0027] The especially preferable one among these is 
bis(1 -chloro-1 -methylethyl)benzene 
[C 6 H 4 (C(CH 3 ) 2 CI) 2 ]. [Here, bis( 1 -chloro-1 -methyle- 
thyl)benzene is also referred to as bis(a-chloroisopro- 
pyl)benzene, bis(2-chloro-2-propyl)benzene, or dicumyl 
chloride]. 

[0028] Further, a Lewis acid catalyst may be allowed 
to coexist in producing the isobutylene block copolymer. 
Such Lewis acids may be those capable of being used 
in cationic polymerization, and examples thereof 
include metal halides such as TiCI 4 , TiBr 4 , BCI 3 , BF 3 , 
BF 3 • OE«2. SnCI 4 , SbCI 5 , SbF 5 , WCI 6 , TaCI 5 , VCI 5 , 
FeCI 3 , ZnBr 2 , AICI 3 , and AIBr 3 , organic metal halides 
such as Et 2 AICI and EtAICI 2 , and others. Above all, in 
view of the capability as a catalyst and the industrial 
availability, TiCI 4 , BCI 3 , and SnCI 4 are preferable. The 
amount of the Lewis acid to be used is not specifically 
limited, and it can be set in view of the polymerization 
properties of the monomer to be used, the polymeriza- 
tion concentration, or the like. Typically, the Lewis acid is 
used in an amount of 0.1 to 100 molar equivalent, pref- 
erably 1 to 60 molar equivalent relative to the compound 



represented by the general formula (1). 
[0029] Further, an electron donor may be optionally 
allowed to coexist in producing the isobutylene block 
copolymer. The electron donor is believed to have an 

5 effect of stabilizing the growing carbon cations in cati- 
onic polymerization, whereby a polymer having a con- 
trolled structure with a narrow molecular weight 
distribution is produced by addition of the electron 
donor. The electron donor capable of being used in the 

10 present invention is not specifically limited, and exam- 
ples thereof include pyridines, amines, amides, sulfox- 
ides, esters, metal compounds having an oxygen atom 
bonded to a metal atom, and others. 
[0030] The amount of the components to be used may 

is be suitably designed in accordance with the properties 
of the intended polymer. For example, the molecular 
weight of the polymer to be obtained can be controlled 
by the molar equivalent ratio among isobutylene and 
cation-polymerizabie monomer other than isobutylene 

20 and the compound represented by the general formula 
(1 ). Typically, the molar equivalent ratio is set so that the 
number-average molecular weight of the block copoly- 
mer to be obtained is 20,000 to 500,000. 
[0031 ] In carrying out the polymerization, the compo- 

25 nents are mixed under cooling, for example, at a tem- 
perature not less than -100°C and less than 0°C. In 
obtaining a balance between the energy costs and the 
stability of the polymerization, the particularly preferable 
temperature range is -80°C to -30°C. 

30 [0032] The isobutylene block copolymer produced 
according to the process of the present invention is not 
specifically limited as long as it contains a polymer block 
composed of isobutylene as a major monomer and a 
polymer block composed of a monomer component 

35 whose major monomer is not isobutylene. For example, 
the isobutylene block copolymer may be any of a block 
copolymer having a straight-chain, branched, or star- 
shaped structure, a diblock copolymer, a triblock copol- 
ymer, a multi-block copolymer, and others. If the mono- 

40 mer component whose major monomer is not 
isobutylene is an aromatic vinyl monomer, a preferable 
block copolymer is, for example, a triblock copolymer of 
(a polymer block composed of the aromatic vinyl mono- 
mer as a major monomer)-(a polymer block composed 

45 of isobutylene as a major monomer)-(a polymer block 
composed of the aromatic vinyl monomer as a major 
monomer), a diblock copolymer of (a polymer block 
composed of the aromatic vinyl monomer as a major 
monomer)-(a polymer block composed of isobutylene 

so as a major monomer), and a star block copolymer con- 
sisting of three or more arms of block copolymers com- 
prising a polymer block composed of the aromatic vinyl 
monomer as a major monomer and a polymer block 
composed of isobutylene as a major monomer, or a mix- 

55 ture of two or more of these copolymers. Here, the star 
polymer refers to a polymer consisting of three or more 
straight chain polymers (i.e. arms) generally having 
almost the same length which are bonded, particularly, 
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to one point, to be made up into a star-shaped form. Fpr 
example, the star polymer is produced by use of an ini- 
tiator having three or more initiation points. 

BEST MODES FOR CARRYING OUT THE INVEN- 5 
TION 

[0033] Hereafter, the present invention will be 
explained more specifically with reference to the 
embodiments thereof. However, the present invention is 10 
not limited by these examples, and may be suitably 
changed for reducing the invention into practice as long 
as the gist of the invention is not changed. 
[0034] The molecular weight of. each of the block 
copolymers shown in the Examples was measured by is 
GPC system made by Nihon Waters K.K. (column: Sho- 
dex K-804 (polystyrene gel) made by Showa Denko 
K.K., mobile phase: chloroform). The number-average 
molecular weight is represented by conversion in terms 
of polystyrene. 20 

Example 1 

[0035] A 500 mL reaction vessel equipped with a stir- 
rer was charged with 87 mL of 1-chlorobutane (dried by 25 
molecular sieves), 93 mL of hexane (dried by molecular 
sieves), and 0.0878 g of p-dicumyl chloride. The reac- 
tion vessel was cooled to -70°C, and then 0.0708 g of a- 
picoline (2-methylpyridine) and 32 mL of isobutylene 
were added. Further, 15 mL of titanium tetrachloride 30 
was added to start polymerization and the reaction was 
continued for two hours while stirring the solution at - 
70°C. Thereafter, 1 3.5 mL of styrene was added into the i 
reaction solution and, after the reaction was further con- 
tinued for 30 minutes, the reaction solution was put into 35 
a large amount of water to terminate the reaction. 
[0036] The separation of the organic phase and the 
aqueous phase as visually observed showed good sep- 
aration, and they were easily separated by a separatory 
funnel. After washing with water twice and confirming 40 
that the aqueous phase was neutral, the organic phase 
was poured into a large amount of methanol to precipi- 
tate a polymer, which was then vacuum-dried at 60°C 
for 24 hours to give an isobutylene block copolymer. 
[0037] A GPC analysis of the isobutylene block copol- 45 
ymer showed a number-average molecular weight of 
88,000 and a molecular weight distribution of 1 .1 4. The 
styrene content was 25 wt%. 

Example 2 so 

[0038] The process was carried out in the same man- 
ner as in Example 1 except that 102 mL of 1-chlorobu- 
tane and 98 mL of methylcyclohexane (dried by 
molecular sieves) were used as the polymerization sol- 55 
vent The separation of the organic phase and the aque- 
ous phase at the time of water-washing was found to be 
good. 
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[0039] The number-average molecular weight of the 
obtained isobutylene block copolymer was 101 ,000 and 
the molecular weight distribution was 1.11. The styrene 
content was 28 wt%. The ratio of block copolymer in the 
obtained polymer (calculated by fractionation based on 
the difference of solubility into the solvent) was 98%. 

Example 3 

[0040] The process was carried out in the same man- 
ner as in Example 1 except that 88 mL of 1-chloropro- 
pane (dried by molecular sieves) and 112 mL of 
methylcyclohexane were used as the polymerization 
solvent. The separation of the organic phase and the 
aqueous phase at the time of water-washing was found 
to be good. The obtained isobutylene block copolymer 
showed good rubber elasticity. 

Comparative Example 1 

[0041] A 500mL reaction vessel equipped with a stir- 
rer was charged with 76 mL of methylene chloride (dried 
by molecular sieves), 114 mL of hexane (dried by 
molecular sieves), and 0.0876 g of p-dicumyl chloride. 
The reaction vessel was cooled to -70°C, and then 
0.0357 g of a-picoline (2-methylpyridine) and 33 mL of 
isobutylene were added. Further, 1.5 mL of titanium tet- 
rachloride was added to start polymerization and the 
reaction was continued for one hour while stirring the 
solution at -70°C. Thereafter, 13.5 mL of styrene was 
added into the reaction solution and, after the reaction 
was further continued for 10 minutes, the reaction solu- 
tion was put into a large amount of water to terminate 
the reaction. 

[0042] The separation of the organic phase and the 
aqueous phase as visually observed showed poor sep- 
aration, and a portion around the boundary of the 
organic phase and the aqueous phase was partly emul- 
sified. It was difficult to separate them by a separatory 
funnel. After washing with water twice, the aqueous 
phase was not yet neutral, so that it was treated with an 
aqueous solution of sodium hydrogencarbonate. There- 
after, the organic phase was poured into a large amount 
of methanol to precipitate a polymer, which was then 
vacuum-dried at 60°C for 24 hours to give an isobuty- 
lene block copolymer. 

[0043] A GPC analysis of the isobutylene block copol- 
ymer showed a number-average molecular weight of 
102,000 and a molecular weight distribution of 1.20. 
The styrene content was 29 wt%. The ratio of block 
copolymer in the obtained polymer (calculated by frac- 
tionation based on the difference of solubility into the 
solvent) was 95%. 

[0044] As shown above, it will be understood that the 
polymerization using a mixed solvent of the present 
invention produces a good isobutylene block copolymer 
having a narrow molecular weight distribution and a 
high ratio of block copolmer. Also, since the monohalo- 



genated hydrocarbon used in the present invention has 
a low solubility in water, water-washing can be carried 
out easily in the post-processing step. If a halogenated 
hydrocarbon having one or two carbon atoms was used 
(methylene chloride was used in Comparative Example 
1 ) as in the prior art, the separation of the organic phase 
and the aqueous phase is poor because of the high sol- 
ubility in water, thereby lowering the workability of the 
water-washing step. Also, the molecular weight distribu- 
tion of the obtained isobutylene block copolymer is 
wider than that obtained when the polymerization sol- 
vent of the present invention is used, so that it is disad- 
vantageous in this respect as well. 

INDUSTRIAL APPLICABILITY 

[0045] Since the present invention is constructed as 
shown above, it is more advantageous in industrial han- 
dling as compared with the use of halogenated hydro- 
carbons having one or two carbon atoms as the 
polymerization solvent and the isobutylene block copol- 
ymer obtained is excellent in properties. 
[0046] Since the solvent to be used in the present 
invention has low solubility in water, the workability in 
the water-washing step after the polymerization will be 
improved. Also, the low solubility in water means that 
the effluent treatment after the water-washing step can 
be carried out comparatively easily. These provide 
advantages particularly in carrying out a large-scale 
polymerization such as industrial production. 
[0047] Furthermore, according to the production proc- 
ess of the present invention, it is possible to obtain an 
isobutylene block copolymer giving good performances 
such as a narrow molecular weight distribution and a 
high ratio of block copolymers. 

Claims 

1 . A process for producing an isobutylene block copol- 
ymer, which comprises performing cationic polym- 
erization of a monomer component containing 
isobutylene as a major monomer for a polymer 
block composed of isobutylene as a major mono- 
mer and a monomer component whose major mon- 
omer is not isobutylene for a polymer block in which 
major monomer is not isobutylene in the presence 
of a compound represented by the following gen- 
eral formula (1) 




wherein plural R 1 are the same or different and rep- 
resent a hydrogen atom or a monovalent hydrocar- 
bon group having one to six carbon atoms; R 2 
represents a monovalent or polyvalent aromatic 

5 hydrocarbon group or a monovalent or polyvalent 
aliphatic hydrocarbon group; X represents a halo- 
gen atom, an alkoxyl group having one to six car- 
bon atoms, or an acyloxyl group having one to six 
carbon atoms; n is equal to a valence number of R 2 

10 and represents an integer of one to six; and plural X 
may be the same or different if n is two or more: 

wherein said polymerization is carried out in a 
mixed solvent containing a monohalogenated 

is hydrocarbon solvent and a non-halogenated 

hydrocarbon solvent, said monohalogenated 
hydrocarbon solvent comprising a primary 
monohalogenated hydrocarbon having three to 
eight carbon atoms and/or a secondary mono- 

20 halogenated hydrocarbon having three to eight 

carbon atoms, said non-halogenated hydrocar- 
bon solvent comprising an aliphatic hydrocar- 
bon and/or an aromatic hydrocarbon. 

25 2. The process according to claim 1, wherein said 
monohalogenated hydrocarbon solvent is at least 
one member selected from the group consisting of 
1 -chloropropane, 1 -chloro-2-methy Ipropane, 1 - 
chlorobutane, 1 -chloro-2-methylbutane, 1-chloro-3- 

30 methylbutane, 1-chloro-2,2-dimethylbutane, 1- 
ch!oro-3,3-dimethylbutane, 1 -chloro-2,3-dimethylb- 
utane, 1 -chloropentane, 1 -chloro-2-methylpentane, 
1 -chIoro-3-methylpentane, 1 -chloro-4-methylpen- 
tane, 1-chlorohexane, 1 -chloro-2-methylhexane, 1- 

35 chloro-3-methylhexane, 1 -chloro-4-methylhexane, 
1-chloro-5-methylhexane, 1 -chloroheptane, 1-chlo- 
rooctane, 2-chloropropane, 2-chlorobutane, 2-chlo- 
ropentane, 2-chlorohexane, 2-chloroheptane, 2- 
chlorooctane and chlorobenzene. 

40 

3. The process according to claim 2, wherein said 
monohalogenated hydrocarbon solvent is at least 
one member selected from the group consisting of 
1 -chloropropane and 1 -chlorobutane. 

45 

4. The process according to claim 3, wherein said 
monohalogenated hydrocarbon solvent is 1 -chlo- 
robutane. 

so 5. The process according to any one of claims 1 to 4, 
wherein said non-halogenated hydrocarbon solvent 
is at least one member selected from the group 
consisting of butane, pentane, neopentane, hex- 
ane, heptane, octane, cyclohexane, methylcy- 

55 clohexane, ethylcyclohexane, benzene, toluene, 
xylene and ethylbenzene. 

6. The process according to claim 5, wherein said 
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non-halogenated hydrocarbon solvent is at least 
one member selected from the group consisting of 
hexane, cyclohexane, methylcyclohexane, ethylcy- 
clohexane, toluene and xylene. 

5 

7. The process according to claim 6, wherein said 
non-halogenated hydrocarbon solvent is at least 
one member selected from the group consisting of 
hexane, methylcyclohexane and ethylcyclohexane. 

10 

8. The process according to any one of claims 1 to 7, 
wherein said compound represented by the general 
formula (1) is bis (1-chloro-1-methylethyl) benzene 
[C 6 H 4 (C(CH 3 ) 2 CI) 2 ]. 

15 

9. The process according to any one of claims 1 to 8. 
wherein said monomer component whose major 
monomer is not isobutylene is a monomer compo- 
nent containing an aromatic vinyl monomer as a 
major monomer. 26 

1 0. The process according to claim 9, wherein said aro- 
matic vinyl monomer is at least one member 
selected from the group consisting of styrene, p- 
methylstyrene, a-rnethylstyrene and indene. 25 



11. The process according to claim 9 or 10, wherein 
said isobutylene block copolymer is at least one 
member selected from the group consisting of a tri- 
block copolymer of (a polymer block composed of 30 
the aromatic vinyl monomer as a major monomer)- 
(a polymer block composed of isobutylene as a 
major monomer)-(a polymer block composed of the 
aromatic vinyl monomer as a major monomer), a 
diblock copolymer of (a polymer block composed of 35 
the aromatic vinyl monomer as a major monomer)- 
(a polymer block composed of isobutylene as a 
major monomer), and a star block copolymer con- 
sisting of three or more arms of block copolymers 
comprising a polymer block composed of the aro- 40 
matic vinyl monomer as a major monomer and a 
polymer block composed of isobutylene as a major 
monomer. 



50 
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(54) Process for producing isobutylene block copolymer 

(57) A process for producing an isobutylene block 
copolymer, which comprises performing cationic polym- 
erization of a monomer component containing isobuty- 
lene as a major monomer and a monomer component 
whose major monomer is not isobutylene in the pres- 
ence of an initiator, wherein the polymerization is car- 
ried out in a mixed solvent containing a 
monohalogenated hydrocarbon solvent and a non-halo- 
genated hydrocarbon solvent, the monohalogenated 
hydrocarbon solvent containing a primary monohalo- 
genated hydrocarbon having three to eight carbon 
atoms and/or a secondary monohalogenated hydrocar- 
bon having three to eight carbon atoms, the non-halo- 
genated hydrocarbon solvent containing an aliphatic 
hydrocarbon and/or an aromatic hydrocarbon. 
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